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T heSttldv o nEnviron me rLt alAqu atic C he mistr vand●l
Dyn amic M odel
ye c ha喝 m lngI Pr ofes s o rl Re s e a r ch Ce nte rfor Ec o
- En vir o Tl m ental
scie nces, C hiJleS eAcade my of Scie ne e s, Beijing,1000$5, C hin a
T he e a rth en vh10 n m e ntis co mpos ed of ato m sphe re･ hydrsphe r e, pedo sphere,
lithesphe rea ndbio sphere･ m ehydr o spher eis the mo st active on e am ong the spheres,
a fLd inte ra cts on othe r sphe res. h hydr olo由calcycles, w ater intcr a cts c o n血 uotISly with
s ubsta nc es a nd indu c e sthe w eathering, s oilc oTT O Sio n a nd fo m atio rLOf s oils and
sedim enlS. T he chemic al actiol一 plays an importa nt r olein eTtVir orHTe ntalpr oce s se s･
T htlSthe study oferlviro r m erttalaqu atic che mitry and its m atherrLatic al m odels m ustbe
at achedgre atimpo rta ncetoin understa ndingthe w ater etldr o r mentalpr o ceses･
Co n c eptio n ofEnvir o r u TL e ntalAquatic C hemistry
En vh･o n m e ntalaqu atic chetths叫 is a s ubje ct to 5tudy 血e c o ntributio n a nd cycles
ofchemic alsin w ate r e 爪ir o n m e nt. For tr aditonale nviro n m e n talaqu adc cheIT血 呼. the
chemic alpr oc es se s a r eSe n eranyin clu sh,a ofsorptio n
- deso rpdo n, pre cipitation -s ol 血o n,
a cid-ba se reacdo n, hydr olysIS, redo x r eactio nandc o mple x reactio ninw ate rsI Be side s
the pr oc ess e s m e ntion ed abov e, w ohe v e r, r n ode m e nvir o nm e ntal aqu atic che m
istry
shouldconside rthe effe cts of biolo由c al a nd hydr ologlC alpr oc e ss e s
-
o nthe chemicd
r ea ctio n s(1-2). T herefo re, m ode r n e rtvir o n me ntal 叩 血 c chemistry shoul dstudythe
chemicals-biota - wte r- air syste m in which the waters(including su spe nded a nd botto m
s ed 血ents)c a nbetre ated a sa c arder ofchemic ak a nd biotain w ate r errd
'
on m e nL Tie
hlerfac e sinclude 血 ･ w ate r, water･s edim e nt a nd wate r-biota 9ne S(アig･1), n a meb' the
m ultim edia e n vir o n m e ntal hte rfa ce.
Air
Ⅵ/ate r
Sedim e nts
Biota
Fig. 1 hterfac eofair
- w ater･biota-sedim erLtS System
T he su rfa c e chemistry o n s o止d- w a‡e r inle rfa c ehas studied gre atiy in bo
th
c o n c eptio n and expe 血 6 ntin rec erLtyears, e SPeC 坤 the sttldy o n so rptio n- des o rptim
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pr o c es s Of
■
inter a血o n ofs old(hclud血gthe boto m s cdim e nts)s u efa c e with s olute h
w ate rha sdevclopcd in depth(3-5)I T he bchz[viot∬ of ch甲icak orLair
･ W aterinte rfac e
hav eattra cted oIIC7s atteTL丘o n a nd w er e studiede 由 nsiveh,. Fo r e ㍊ 汀山e. thetw o･五1m
m odel of v ola血z ado n of chemic ak; 缶o m w ater a nd the water slI血 c e mic r ohyer
ad5 O rPtio n a ndGOnC 6ntratio rL Ofch6mic&h aretheizTtPOrtantr eS CaTChrestdts of 血- w a(e r
interfa c ebehaviotu ofcムemicals(6-9).
On e of the 血porta nt c o ntahs ofw ater-biotainterfa c ebehaviouris the aqu atic
ec oto xicologywhich is 血e scien c ede Ⅵ)ted
'
to the study ofthe pr oductio n of ha 血 l
effe ctsbys ubsta n c e s e ntring 血e n atu ralw ate rs;a n e s serltialpartofaqu atic e c olgylS
the a S S eSS m e71t Of m oⅥ n en tofpotc ndaByto xic s ubsta n c esthroughw ate r en viro n m e nt
aAd血ro 1ghaquadcfo od w ebs.
W ate rEn vir o n n l e TLtal Mathe m atic al Models
As the n echB nis n 1.e S e a r Ch ofchemic alreaction h vv ateT eTrvir on m e nt
,
OVe rthe
lastde c ade m arty si酔姐c anttranspo rt a ndtrar ufo r matio npr oce ss e s s u ch asdifRISion,
sorpdo n, chemic aldegr a血tio rL a nd biodegradatio n, a nd thek dyn amic s w er ede s cribed
in detan. i;hthe n adcalm odels inthe m e chanis m r es earch haspr ove ntobe apo w e rful
to ol fo ru nderstand ingthe c o mple xstr u cture 皿ddyn amics ofw ate r e Ⅱvir on m e nt and
e cosystem s(1 0), espe cia8ythe fate of chemic als inaq11a血 e c o syste m s(ll-14). For the
re s ults ofjo血ta ction ofchemic吐 biolo由cala nd hydr ologicalpr o c e ss e s, the fate of
pontltmtS a nde utr ophicatio n ofw ater s ar em ajo rta rgets sim ulateda ndpr edicted bythc
m odek Atthepresent, the aqu adc erlViro n mental m odelsin c om m o nuse mainlya r e:
･ chemic althe rrn ody mi c m od由;
･ chemical4y miG m Odd8;
● m lbie ntcycles m odek inlake a ndr e se r v oir,
● disso王Ⅶ d o野冨e n 皿d B O Dm odels;
｡ fo od ch血 m odelsfo r chemicahtran sporth w ater s, a nd
● thc multhedia erLVh･o n meTLtalm odels
As aspcciac ex a mple ofm ultim cdia e ndro n ment山 m odeJs ofchemic ah, w ehave
studied the sedim cnts/chemicals irlter aCdo ndyn mi c m odel(SC D M)of w aterh this
Paper,
The S C DM - A5 aCas eSttldy
T hepa rdcle sinvoledin the stdya re stnpeTLded s o旺ds, s o祖ds ed 血e n ts a nd algain
wate rs･ h the past studie s o ntra nspo rt a nd fate of o rga nic poht ants, die pardcle
s o rpdon -de s orption or chemic aldegr ad&tio n and biodegradatio n w e reco rLSideredonly,
md alga w er en ot tre ated as apardclc･ Ee r G Om theba sis of thc r ese arch ofs o rpt10n,
hydro如is, biodegraddo n a nd a垣a e a c c u m山血 o n in w ate rs, the dynamic m odel orL
inter a ction betw e n waterparticle s a nd tra c e o rg弧ic chemic als w as pre s e nted to
shulate the c o n c entration distribution of dim ethylphthalateP如『)in the difFer6 nt
e T(Vho n m e ntalm edia ofa re s ervoir.
The r es er v oir ca nbetre ateda s 且 C O mplete n短edsyste m血 whichthedis tribudo n
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ofpolluta nts ar c appr o x m ately c o nside r ed to be aho血oge n e o u swi thste ady state
equ正ibriu皿 CO nditiorh S Othat thefte cco n c eTLb
.
ado nofponuta nts can be c o mputedusing
so rpho nequiEb dum c o rlSta ntS･ Theprotob'pe ofthe S C DMis sho mlinFig･ 2･
血丘ow
･JOh dia也o n
aユr
l
outB
fw
▼ l T
desradado
1
.V ate r
par b Cle
一 寸
･dsa.
res -千+干叫 -.sio n
s 血 en tー
Fig2. The sche m血 cdiagra m ofprotoype ofS C D M
on the ba sis of m a ssc oI血 山 ety Principle of nuid, the n athe m a王ical m odel fo r
sim ulatingthe cha nge oftr an sport a ndfate ofthetrace orgmic chemicals 由thtim e c a n
be written asfo11o wi工1geq11如ioll:
dCT W q
- ニ ー - - Ct - (Vs - V,)-(∑ KC)- KIC (1)
血 V V
wher eCTisthe c o n c e ntr ado n ofchemic alsin w aterwithparticle s, g/m
3
;Iisthetim e,d;
wis ma s s r ate ofe nte血gofch 弧icals hto w ater, g/d;V isthe
･'v olu m eof water
,
r n
3
;Q
is the voll皿 e rate Of w ate rthr ougheI血 oI皿 entalco mpa rtm 叫 m
3
/a;V,is the rate
c o n stant ofparticle s e- g, d
-1
;vristhe rate co nsta JltOfsedim erLtreSuSPended･ d
･1
;cpis
the co nc entratio tlOfs o rbed chemicals o npa rticles, a/n
3
;BLiB theithsemi一血st o rder
re a ctio n rate con ぬ ntofchemicals, a
ll
;Klis the a c c ロm ulatio nfa ctor ofalga, d
ll
;cisthe
c onc e ntrado n ofdiss oh'ed chemicalsh w ate r
, g/rn
3
･
甘Kpisthe 血 e ar s o rption partido n c o efBcie nt Qfchemiぬk betw e e nparticle s a nd
w ater;M isthe c o n c e ntr血o n ofstlSpe ndeds ohds;N isthe c o n c e nh
l
atio rL Ofalga;CAis
the a c c nmulation c on ce ntr ado n ofcherEic ah on laga, then 血e C, Cp 皿d CA C a nbG
expre ss ed asfouo vFS:
CT
C =
Cp
=
1＋ KpM ＋ KIN
XpM CT
1＋ K
p
M ＋ KIN
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(2)
(3)
KIMCT
CA ;≡
1＋ KpM ＋ KIN
The eq･2qnd eq･3 w ere substittltedinto eq.1toyeild
dCT W Q (Ⅴ守一 VT)KpM (∑Kj)十 Kl
- = - I ( - ＋ ＋
dt V V l＋ KpM ＋ KIN ･ 1 ＋ KpM ＋ KIN
(4)
(5)
the a n a如icals ol1tio n ofeq.5 is
C･r I CTOeXP(-bt)十(CT 血i
r
n)(exp(- r ut) - e xp( ･bt)) (6)
whe r eC7Dis thehddaltotaliztput c o n c en tra血 n ofchemic als, g
■m 3; m
lis r ate con stantof
expo nerltial de c野 Oflo ad血g5r d
-1
;CTOis thetotalc o nc entration of chemicalsin w ate r
withparticles when t- 0, _g/m
3
;
Q (Vs ･
-vr)K,M (∑ K)＋ Kl
b = 一 十
V 1＋ KpM ＋ KIN 1＋ KpM ＋ KIN
V
n = (b ･ n ) -
Q
(7)
(8)
For a r es ervoir
,
V =2xlO8 m3
, Q- 1000rrL
3
/d
,
W -10kg/d, C..- 2xlO
ー5
mg/i,
m = 4× 10
14d
-i
,
Thepara m eters us ed血 m odelcalcthIio n w er dv e n血table 1(15). At
免指t, a止血edab w er esubstitutedirLtO eq･6to c 且1cuhtethetotalc o n c e ntratio n ofD M P,
the nthe eq･2, eq3 andeq･4 w er e u s edto Gdcthte theC, Cp aJldCA re Spe Ctivdy(Fig.3).
T he conce ntr atio n 且nd m ass perce nt喝 e OfD M Pin e a chpha s ew as 由ven bytable.2
whichshow stheD M P皿ain吋disbibuted in alga, the n in 血n eralso丘dpa rticle s.
Tablel･ D k･fPpar a metersus ed inthe m odel
chemicals Kp M N ∑K i K1
(mgfL) (mgn.) (d
'1
) (d
‾1
)
D ”P 0.08 20 10 0.ヰ 80
Table2･ Conc entr ation and m as sper c entage of D M ア he a chphas e(%)
disoh7edinw ateT S O rbedon alga s orbed o nparticles
c on c eTltration 0.125
m a s s 0.01
99.67 0.19 9
99.59 0.4
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Fig･ 3 Variatio n ofconcerLtratio nlogadthm v alu e
ofD M P in eachpha se 由thtim e
Co n clu sion
T his study sho w sthat the 皿 Oder n eTIV lr O n merltal aqu atic chedslryis different
withtradito rLalone a nd m a叫 de v oted the study ofche mic als･ w ater-biota - air system ･
T he c o n c e ntrado ndistribution ofD M P in water -particles- alga syste m c.
a nbe calcula(ed
us mgthe S C D MI T he c alculated re sults show the con c e ntr血 o n ofD M Pin algais
gr e ate rtha nin 血 eralparticles, andhigher也 an inw ater･
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